Summary. -Influenza virus is well known for pandemics and epidemics with high morbidity. Many studies have been focused to this problematics, however, oxidative damage to DNA, lipids, and proteins and the expression of cytokines, antioxidant enzymes and heat-shock proteins (HSPs) in H1N1 virus-infected patients has not been investigated yet. Therefore we aimed this study at these issues. We found out that patients infected with the 2011 H1N1 virus as compared to control subjects exhibited an increased oxidative damage to DNA, lipids and proteins as assayed by levels of 8-hydroxydeoxyguanosine (8-OhdG) and malondialdehyde (MDA) and carbonyl content in plasma and urine. Moreover, the levels of antioxidant enzymes SOD and catalase, cytokines Il-6, 1L-10 and TNF-α and HSPs 90 and 27 were also significantly higher in the H1N1-infected patients. Our results suggest that the influenza H1N1 virus is a strong inducer of (i) oxidative damage to DNA, lipids, and proteins, (ii) antioxidant enzymes, (iii) cytokines and (iv) HSPs.
Introduction
Influenza virus is well known for the worldwide pandemic and epidemic, and is a highly invasive virus that causes high level of morbidity. The first confirmed case of novel influenza A (H1N1) infection in Korea was registered on May 1, 2009 and 225 deaths had been reported by January 1, 2010 (Choi et al., 2012) .
Virus-induced activation of phagocytes is associated with oxidative stress, not only because reactive oxygen species (ROS) are released but also because activated phagocytes may release pro-oxidant cytokines and interleukins (Kohen and Nyska, 2002) . Among ROS, hydroxy radicals are powerful oxidizing agents that can react at a high rate with most organic and inorganic molecules in the cell, including DNA, proteins, lipids, amino acids, sugars, and metals (Kohen and Nyska, 2002) . A number of studies concerned with oxidative damage, including DNA damage and lipid peroxidation caused by the influenza virus infection have been performed (Vijaya et al., 1999; Kumar et al., 2003; Nikam et al., 2010) .
In addition, influenza virus enhances the induction of proinflammatory cytokines, including IL-1, IL-2, IL-6, IL-8, IL-10, and TNF-α, which may lead to disease progression (Arankalle et al., 2010; Damjanovic et al., 2011; Gao et al., 2011; Hasegawa et al., 2011; Yu et al., 2011) .
However, it has been reported that the antioxidant enzymes, such as superoxide dismutase 1 (SOD-1), and 2 (SOD-2), catalase, heme oxygenase (HO), glutathione peroxidase (GPx), peroxiredoxin (Prx), and indoleamine 2,3-dioxygenase (IDO), are involved in the protective mechanism against influenza virus infection through scavenging of the ROS (Jacoby and Choi, 1994; Choi et al., 1996; Shi et al., 2010; Yamada et al., 2012; Yatmaz et al., 2013) .
On the other hand, HSPs including, HSP40, 70, and 90, play a role in the assembly and nuclear import of influenza virus RNA polymerase, in stimulating influenza virus activity that mediates apoptosis, and in regulating the activity of dsRNA dependent protein kinase that inhibits innate immune responses (Watanabe et al., 2006; Sharma et al., 2011; Zhang et al., 2011) .
Many studies have been performed to elucidate these finding; however, oxidative damage, and the expression of cytokines, antioxidant enzymes, and HSPs have not been investigated in H1N1 infected patients. Therefore, in this study, we investigated the oxidative damage to DNA, lipids, and proteins and the expression of cytokines, antioxidant enzymes and HSPs in influenza 2011 H1N1 virus-infected patients compared to non-infected subjects.
Materials and Methods
Patients. H1N1 infected patients and control subjects were enrolled in this study from November 2010 to March 2011. Fifteen H1N1 infected patients and non-infected control subjects were involved in this study. Patients consisted of 13 female and 2 male and their age ranged from 21 to 56 years (35.6 ± 10.7 years). Control subjects comprised of healthy female volunteers, and their age ranged from 21 to 48 years (34.7 ± 8.7 years). No significant difference in terms of age was observed between the two groups. Nasopharyngeal swab samples collected from all of the subjects were tested for H1N1 infection by real-time PCR. Viral RNA was extracted from nasopharyngeal swab samples, using QIAamp viral RNA mini kit (Qiagen) according to the manufacturersʹ instructions. Influenza real-time PCR was performed using primers and probes described in the CCDC A (H1N1) influenza guidance. Blood and urine samples were collected from all of the study subjects. This study was approved by the Ethics Committee of Hanrim University Hospital.
8-OhdG assay. The level of urinary 8-OhdG was assayed using a commercially available ELISA kit (New 8-OhdG check; Japan Institute for the Control of Aging, Japan). Urine samples were centrifuged at 2,000 g for 15 min and 50 ml of the supernatant were collected and assayed according to the manufacturer's instructions.
MDA assay. The level of MDA was measured as described previously (Kim et al., 2006) . MDA in the plasma was measured using HPLC (Gilson) equipped with a Spherisorb ODS 5 μm column (Waters Corporation, USA). Fifty μl of the plasma were mixed with 50 μl of 0.05% butylated hydroxytoluen, 400 μl of 0.44 mol/l phosphoric acid solution, and 100 μl of thiobarbituric acid (TBA) solution. The samples were then incubated in 100°C water bath for 1 hr. After incubation, the TBA-MDA precipitate was extracted with n-butanol. Aliquots of 100 μl were then removed from the n-butanol layer and injected into the HPLC system. Standards and quality control samples were prepared using 97% 1,1,3,3-tetraethoxypropane (0, 0.125, 0.5, 1.0, and 2.0 μmol/l).
Carbonyl content assay. The levels of protein carbonyls in the plasma were determined using a spectrophotometric DNPH assay as described previously (Kim et al., 2006) . Briefly, 100 μl of plasma was mixed with 400 μl of buffer solution. After mixing, 500 μl of 30% TCA was added to each tube, vortexed and placed on ice for 10 min. The final precipitate was resolved in 1 ml of 6 mol/l guanidine HCl. The carbonyl contents were calculated from the absorbance measurement at 380 nm using the absorption coefficient of 22,000 mol/cm. The absorbance A 380 was also determined for the sample treated with DNPH and HCl, which was subtracted as a background RT-PCR for antioxidant enzymes. Total RNA was purified from the whole human blood using the RNeasy mini kit (Qiagen), according to the manufacturer's protocol. One microgram of total RNA was reverse transcribed by SuperScript II (Invitrogen), using an oligo-dT primer as described by the manufacturer (Table 1) .
Western blot assay of cytokines and HSPs. Protein content in the human plasma was determined using the Bradford protein assay kit (Bio-Rad Laboratory, USA) and bovine serum albumin standards. A 12.5~100 μg sample was separated by 6.5~12% SDS-PAGE and blotted onto PVDF membranes (Millipore Corporation, USA) at 400 mA for 2 hr. The PVDF membranes were blocked with 5% skim milk buffer and then probed with the respective primary antibodies. After washing, the membranes were incubated with the 
Results
DNA damage was assessed by determining the urinary 8-OhdG concentration by ELISA in the H1N1 infected group and control group. The mean values of 8-OhdG in urine of the control group and H1N1 infected group were 1.90 ± 1.24 and 3.92 ± 3.70 µg/l, respectively. The production of urinary 8-OhdG in H1N1 infected patients was significantly increased when compared to that in the control subjects (Fig. 1) .
Lipid peroxidation was evaluated by the thiobarbituric acid reactive substances method in the plasma of the two groups. As shown in Fig 2, the production of MDA in the H1N1 infected group was significantly increased when compared to that in the control group. The mean MDA values of the control and H1N1 infected groups were 3.64 ± 2.31 and 8.26 ± 6.12 µmol/l, respectively (Fig 2) .
Protein oxidation was examined by determining the levels of carbonyl contents in amino acids by derivatization with 2,4-dinitrophenyl hydrazine. The results of protein oxidation in the plasma of the H1N1 infected and control groups are summarized in Fig. 3 . The mean values of carbonyl contents in the control group and H1N1 infected group were 1.71 ± 0.30 and 3.16 ± 1.33 nmol/mg proteins, respectively. The level of protein oxidation was significantly greater in the H1N1 infected group than in the control group (Fig. 3) The protein and gene expression levels of SOD-1, catalase and Prx-1 were determined in the plasma and leucocytes obtained from the H1N1 infected group and control group ( Fig.  4a and b) . Similar results were obtained for protein and gene expressions of antioxidant enzymes including, SOD-1, catalase and Prx-1. There was no statistically significant difference in the gene expression of Prx 1 between the H1N1 infected group and control group. However, the expression levels of SOD-1 and catalase genes were significantly greater in the H1N1 infected group than in the control group (Fig. 4b) .
Western blot analysis of IL-1β, IL-6, and TNF-α expression was conducted using the plasma obtained from the H1N1 infected group and control group (Fig. 5) . There was no statistically significant difference in the expression of IL-1β between the H1N1 infected group and control group. However, the expression levels of IL-6 and TNF-α were significantly greater in the H1N1 infected group than in the control group.
Fig. 3 Plasma carbonyl contents
Protein oxidation was determined using a spectrometric DNPH assay in the plasma of non-infected control group (n = 15) and H1N1 infected group (n = 15). Data represent mean ± S.D. Asterisk indicates a significant difference.
Fig. 1 Urinary 8-OhdG levels
The level of urinary 8-OhdG was assayed using a commercially available ELISA kit in the non-infected control group (n = 15) and H1N1 infected group (n = 15). Data represent mean ± S.D. Asterisk indicates a significant difference.
Fig. 2 Plasma MDA levels
Lipid peroxidation was determined using MDA assay in the plasma of noninfected control group (n = 15) and H1N1 infected group (n = 15). Data represent mean ± S.D. Asterisk indicates a significant difference. Western blot analysis of HSP27, HSP40, and HSP90 was conducted using the plasma obtained from the H1N1 infected group and control group (Fig. 6) . The relative intensities of HSP40 did not differ significantly between the two groups. However, the intensities of HSP27 and HSP90 were significantly greater in the H1N1 infected group than in the control group.
Discussion
In the present study, the levels of MDA and carbonyl contents in the plasma and 8-OhdG concentration in the urine were determined to evaluate the oxidative damage to DNA, lipids, and proteins in H1N1 infected patients and the non-infected control subjects. 8-OhdG is one of the predominant forms of free radical-induced lesions of DNA and is excreted into the urine. The urinary 8-OhdG is considered as an important biomarker of generalized and cellular oxidative stress to DNA (Nakajima et al., 2012) . In this study, the level of urinary 8-OhdG was significantly higher in H1N1 infected patients than in the control subjects. It has been reported that DNA damage is induced in human leucocytes infected by the influenza virus, and the DNA damage due to influenza virus infection is believed to be related to apoptosis (Vijaya et al., 1999; Wiwanitkit, 2010) . Lipid peroxidation and protein oxidation were also increased in the plasma of H1N1 infected patients. Recently, lipid peroxidation and protein oxidation have become the subject of interest and they have been performed as biomarkers of oxidative damage in human studies (Orhan et al., 2004) . Specifically, the finding of an enhanced lipid peroxidation level in the plasma of H1N1 infected patients is similar to that in the other studies, providing evidence for the presence of oxidative stress during influenza virus infection (Stoeva et al., 2001; Mileva et al., 2002; Kumar et al., 2003) .
Antioxidant enzymes, including SOD, catalase, GPx, HO, Prx, and IDO, play a role in protective effects on oxidative stress against influenza virus infection (Jacoby and Choi, 1994; Choi et al., 1996; Shi et al., 2010; Yamada et al., 2012; Yatmaz et al., 2013) . The expressions of three antioxidant enzymes, such as SOD-1, Prx-1, and catalase, were assessed at both protein and mRNA levels in the plasma and lymphocytes of H1N1 infected patients and the control subjects. A significant increase was found in the expression of SOD-1 and catalase, but not in the expression of Prx-1 in the H1N1 infected patients. The results provide evidence that SOD-1 and catalase play major roles in protection against an increase in generation of free radicals during influenza virus infection.
In general, the innate immune system is the first line of defense against viruses by induction of the expression of cytokines and chemokines (Yu et al., 2011) . Cytokine activation usually occurs much earlier than the clinically observable response, and it may play an important role in stimulating an immune response to the H1N1 virus infection (Wen et al., 2011) . A whole range of cytokines, including IL-1, IL-2, IL-6, IL-8, IL-10, IL-15, IL-18, and TNF-α are induced during an influenza virus infection in different cell types (Mogensen and Paludan, 2001) . In the present study, the levels of cytokines, such as IL-1, IL-6, IL-10, and TNF-α were assessed in the plasma of H1N1 infected patients and the control subjects. A significant elevation of IL-6, IL-10, and TNF-α levels was observed in H1N1 infected patients. The enhanced cytokine expression during H1N1 virus infection is in concordance with other human studies (Arankalle et al., 2010; Hasegawa et al., 2011; Yu et al., 2011) . It has also been reported that IL-6 might act as the mediator in induction of IL-10 production, which leads to disease progression (Yu et al., 2011) .
HSPs are important chaperone proteins that are produced endogenously. HSPs are named according to their molecular weight, such as HSP90, HSP70, HSP60, and small heat-shock proteins. HSPs are induced in response to a variety of stressors, including elevated temperature, hypoxia, inflammation, and ischemia (Benjamin and McMillan, 1998) . In this study, the expression of HSP27, HSP40, and HSP90 were assessed in the plasma of H1N1 infected patients and the control subjects, and significant increases in HSP27 and HSP90 expression were found in H1N1 infected patients than in the control subjects. HSP27 has a strong protective activity against a number of cytotoxic agents, including heat shock, oxidative stress, chemotherapeutic agents, and cytokines (Charette et al., 2000) . It may also play the role as a potential biomarker of disease and therapeutic target (Vidyasagar et al., 2012) . In a proteomic study, HSP27 was found to be upregulated in A549 human lung carcinoma cells infected with an influenza virus (Vester et al., 2009 ). In addition, Li et al. (2012) reported that HSP27 enhanced the inhibitory effect of influenza virus NS1 on the expression of interferon beta.
In summary, we investigated the expression of HSPs, cytokines, anti-oxidant enzymes, and oxidative damage to the DNA, lipids, and proteins in patients infected with 2011 H1N1 influenza virus. The levels of SOD, catalase, IL-6, 1L-10, TNF-α, HSP90, and HSP27 were significantly greater in the H1N1 infected group than in the non-infected control group. In addition, the levels of DNA damage, lipid peroxidation and protein oxidation were significantly higher in the H1N1 infected group than in the non-infected control group. Our results suggest that SOD, catalase, IL-6, IL-10, TNF-α, HSP90, and HSP27 play an important role in H1N1 virus infection, and H1N1 influenza virus was found to be a strong inducer of oxidative damage in DNA, lipids, and proteins.
